We assessed resection time and collateral thermal tissue damage of ultrasonically activated surgery (UAS) and high-frequency bladeenhanced bipolar electrosurgery (BE) in laparoscopic bowel surgery.
INTRODUCTION
Prolonged operating time is one of today's limitations of laparoscopic surgery. In the case of colorectal surgery, dissection of bowel mesentery is one of the most timeconsuming steps. Energy-based surgery has emerged as a technology aiming at shortening the duration of laparoscopic procedures by decreasing the need for tying knots or applying clips. The use of energy-based surgery in the laparoscopic setting raises questions about such issues as burst strength, costs, ergonomics, heat production, injuries, and generation of smoke or mist. 1 As far as heat production is concerned, monopolar electrosurgery is associated with greater collateral thermal tissue damage and intraperitoneal temperature variations when compared with ultrasonically activated surgery (UAS) 2 or bipolar electrosurgery (BE), 3 respectively. The aim of the present study was to compare resection time and collateral thermal tissue damage in laparoscopic small bowel surgery performed in a porcine model either with UAS or BE.
MATERIALS AND METHODS
Domestic Norwegian pigs (weight 40 kg) were preanesthetized with intramuscular Ketamine (10 mg/kg) and ventilated with halothane via tracheostomy. Through the same neck incision, the right carotid artery was catheterized to allow monitoring of blood pressure and heart frequency. Pneumoperitoneum was induced insufflating carbon dioxide to a pressure of 10 mm Hg through a needle introduced into the infraumbilical skin. Five (three 5 mm, two 12 mm) ports and a 0°forward-viewing telescope were used. The optical angle (defined as the angle formed by the line of action determined by the working ports and the line of vision determined by the laparoscope) was 60°to the right and 60°to the left optimal 0°position. 4 The extent of each mesenteric dissection included 12 end-arcade arteries supplying the intended segment of the small bowel. A two-handed technique was used during mesentery dissection, and 2 grasping forceps were used to hold the small intestine. Vessels were divided one at a time approximately one cm off the bowel wall. In case of bleeding, all time consumed to achieve hemostasis was included in the operNational Center for Advanced Laparoscopic Surgery, Trondheim, Norway (all authors). ating time, which was defined as the time elapsed from the division of the first to the twelfth artery. A UAS (Laparosonic Coagulating Shears ® , Ethicon Endo-Surgery, Cincinnati, OH) was compared with high-frequency bipolar electrosurgery forceps (BiCOAG ® , Everest Medical Corporation, Minneapolis, MN) ( Table 1 ). The sharp blade edge of the former device was used to divide the grasped tissue. The latter device was enhanced with a blade to speed up the division of the tissue after coagulation. Before animal sacrifice, laparotomy was performed and a full-thickness biopsy of mesentery and small bowel wall was obtained for each resection.
A computer-generated block randomization was used to generate the allocation schedule. Resections were randomly assigned to either the UAS or the ES groups. Allocation concealment was ensured giving identity numbers to the resections. Timing of assignment was just before the planned surgical task at the National Center for Advanced Laparoscopic Surgery, Trondheim, Norway. The generator of the assignment was separated from its executor. 5 Version 2.1 of Planning and Evaluation of Sequential Trials was used in designing, monitoring, and analyzing the study. 6 Before the study, the median operating time was estimated to be 2 min (standard deviation 48 sec), and a 15% reduction in operating time was considered of clinical relevance. With a 5% significance level and a study power of 90%, a sample size of 175 resections in each study arm would have been needed to detect significant differences in operating time. Thus, a sequential triangular design rather than a parallel design was chosen. The former is a statistical method where the sample size is not fixed in advance but a stopping rule is used. 7 The data were inspected every 10 resections in each study arm. At each inspection, Z and V values were calculated. Positive and negative values of Z indicate superiority of UAS or BE, respectively. V is approximately proportional to the sample size and is a measure of the variability of Z under the null hypothesis of no difference. Z and V values were plotted against one another and the resulting scatterplot compared with the stopping boundaries. If the scatterplot crosses the upper or lower boundaries, the trial will stop with a significant superiority of UAS or BE, respectively. If the vertical line between the upper and lower boundary is crossed, the trial is terminated showing no significant difference between UAS and BE (Figure 1 ). The pigs' intraoperative blood pressure and heart rate variations in the two study arms were compared using Student's t test with a significance level of P < 0.05. 
RESULTS
No significant differences occurred in intraoperative blood pressure and heart rate variations in pigs undergoing UAS or BE (Table 2) . A total of 60 small bowel resections were performed. All resections were carried out as allocated. Four withdrawals occurred resulting in 28 UAS and 28 BE resections. Median unbiased estimates of operating time were adjusted for the sequential nature of the study. At the third inspection, the scatterplot crossed the upper boundaries and the trial was terminated. The Christmas tree-shaped boundary (drawn within the original triangle) is an adjustment to the stopping rule for the gaps between the looks (Figure 1) . Operation time was significantly shorter using UAS than BE (0.57 vs. 2.01 min P < 0.001) ( Table 3) .
During surgery as well as at laparotomy, the macroscopic appearance of the approximately 1-cm-broad resected mesentery showed that charring was minimized by UAS as compared with BE. However, histology revealed no collateral thermal damage of the small bowel wall in the two study arms.
DISCUSSION
When exposed to pressures commonly found in living animals, arteries up to 3 mm in diameter occluded by UAS or BE are as unlikely to burst as in case of sealing accomplished by suture knots or clips. 8, 9 Arteries 3 to 7 mm in diameter sealed by UAS or BE can burst at pressures well within values found in living animals. 10 The latter experimental data were confirmed in a clinical study reporting a mean bursting pressure of 213 mm Hg in colon mesentery arteries 4 to 6 mm in diameter sealed by BE. 11 These findings are in support of a selective use of UAS or BE in laparoscopic dissection of bowel mesentery as most vessels encountered are indeed within 3 mm in diameter and may be therefore safely divided. However, the results of the present study strongly suggest that UAS is preferable to BE because the former offers significantly decreased operating time. The known inability of BE to produce the power density required to cut tissue was compensated by adding a blade. This enhancement made the UAS and BE devices used in the present study comparable.
Although BE minimizes the hazards of electrical current, 12, 13 heat production is still a source of concern for unintentional injuries that may occur whenever dissecting close to hollow viscera. BE forceps with an outer plastic layer insulating the metal jaws have been proposed to reduce collateral thermal tissue damage. 14 It has long been known from data on the epidermis that collateral thermal tissue damage is definitively reduced by UAS as compared with electrosurgery. 15 The findings of the present study suggest that mesentery dissection can be safely carried out by UAS or BE at a 1-cm distance from a hollow viscus as shown by the absence of microscopic thermal damage of the small bowel wall in the two study arms. Nevertheless, UAS should be preferred over BE because it minimizes macroscopic charring of the resected mesentery.
CONCLUSIONS
UAS laparoscopic mesentery division offers reduced resection time and no differences in thermal bowel wall damage (1 cm off the bowel wall) as compared with its blade-enhanced BE counterpart in a porcine model. 
